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Abstract (English) 
 
There are a number of non-conventional food resources in the 
different ecological zones of Africa, whose production and 
consumption can be increased to ensure adequate food security and 
nutritive diet, especially during disasters and food shortage. These 
food resources could include: plants, animals, fish, insect and birds. 
Accordingly, a study was conducted with the aim of assessing 
the nutritional benefits of Non-conventional food resources, as 
compared to the traditional foods, and the role they can play in 
diversifying the diet. In conducting sample analysis for the Non-
conventional foods, it was generally found that the Non-conventional 
foods of the five groups tested were superior to the traditional ones in 
the area of protein content and some other characteristics. 
Therefore, strategies to increase food supply from the non-
conventional food resources is important for eradicating hunger, 
malnutrition and keeping people alive in times of disasters and food 
shortage.  
There are certain cultural taboos and prejudices that attach low 
social value to the consumption of Non-conventional food resources. 
V 
 )cibarA( tcartsbA 
  ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
  
ﻴﻤﻜﻥ . ﻫﻨﺎﻟﻙ ﺍﻟﻌﺩﻴﺩ ﻤﻥ ﻤﻭﺍﺭﺩ ﺍﻟﻐﺫﺍﺀ ﻏﻴﺭ ﺍﻟﺘﻘﻠﻴﺩﻴﺔ ﻓﻲ ﺍﻟﺒﻴﺌﺎﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻓﻰ ﺃﻓﺭﻴﻘﻴﺎ 
ﺯﻴﺎﺩﺓ ﺇﻨﺘﺎﺝ ﻭﺍﺴﺘﻬﻼﻙ ﻫﺫﻩ ﺍﻟﻤﻭﺍﺭﺩ، ﻟﺘﺄﻤﻴﻥ ﺍﻷﻤﻥ ﺍﻟﻐﺫﺍﺌﻲ ﻭﺍﻟﺘﻐﺫﻴﺔ ﺨﺎﺼﺔﹰ ﺨﻼل ﺍﻟﻜﻭﺍﺭﺙ 
  .ﻭﻨﻘﺹ ﺍﻟﻐﺫﺍﺀ
  .ﻴﻭﺭﻴﻤﻜﻥ ﺃﻥ ﺘﺸﻤل ﻫﺫﻩ ﺍﻟﻤﻭﺍﺭﺩ ﺍﻟﻨﺒﺎﺘﺎﺕ، ﺍﻟﺤﻴﻭﺍﻨﺎﺕ، ﺍﻷﺴﻤﺎﻙ، ﺍﻟﺤﺸﺭﺍﺕ ﻭﺍﻟﻁ  
 ﺃﺠﺭﻴﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﻀﺭﻭﺭﻴﺔ ﻭﺍﻟﺘـﻲ ﻏﻁـﺕ ﺍﻟﻤﺠﻤﻭﻋـﺎﺕ -ﺘﺒﻌﺎﹰ ﻟﺫﻟﻙ   
 ﻋﻤﻭﻤﺎﹰ ﺍﻟﻤﻭﺍﺭﺩ ﻏﻴﺭ ﺍﻟﺘﻘﻠﻴﺩﻴﺔ ﻟﻠﺨﻤﺱ ﻤﺠﻤﻭﻋـﺎﺕ ﺍﻟﻤـﺫﻜﻭﺭﺓ، -ﺍﻟﺨﻤﺱ ﺍﻟﻤﺫﻜﻭﺭﺓ ﺃﻋﻼﻩ 
ﺍﻟﺨـﺼﺎﺌﺹ ﺒﻌﺽ ﻜﺎﻨﺕ ﻓﻰ ﻤﺴﺘﻭﻯ ﺃﻋﻠﻰ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻤﻭﺍﺭﺩ ﺍﻟﺘﻘﻠﻴﺩﻴﺔ ﻓﻲ ﻤﺤﻴﻁ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭ 
  .ﺍﻷﺨﺭﻯ ﺍﻟﺘﻰ ﺩﺭﺴﺕ
ﺠﻬﻴﺯ ﺇﺴﺘﺭﺍﺘﻴﺠﻴﺔ ﻹﻜﺜﺎﺭ ﻭﺇﻤﺩﺍﺩ ﺍﻟﻐﺫﺍﺀ ﻤﻥ ﺍﻟﻤﻭﺍﺭﺩ ﻏﻴﺭ ﺍﻟﺘﻘﻠﻴﺩﻴـﺔ  ﻴﻤﻜﻥ ﺘ -ﻭﻋﻠﻴﻪ   
 .ﻭﺫﻟﻙ ﻟﻤﺤﺎﺭﺒﺔ ﺍﻟﺠﻭﻉ، ﺴﻭﺀ ﺍﻟﺘﻐﺫﻴﺔ ﻭﺇﻤﺩﺍﺩ ﺍﻟﻤﺘﺄﺜﺭﻴﻥ ﻓﻰ ﺤﺎﻟﺔ ﺍﻟﻜﻭﺍﺭﺙ ﻭﻗﻠﺔ ﺍﻟﻐﺫﺍﺀ
  ﻨﺎﺘﺠﺔ ﻋﻥ ﺍﻟﺠﺎﻨﺏ ﺍﻟﺜﻘـﺎﻓﻰ ﻭﺍﻟﺒﻴــﺊ ﻫﻨﺎﻟﻙ ﺒﻌﺽ ﺍﻟﺤﺴﺎﺴﻴﺎﺕ ﻨﺤﻭ ﺍﻷﻏﺫﻴﺔ ﺍﻟﻐﻴﺭ ﺘﻘﻠﻴﺩﻴﺔ 
  ﺔﺍﻟﻐﺫﺍﺌﻴﺭﺩ ﻭﺍﻟﺘﻲ ﺘﻘﻠل ﻤﻥ ﺃﻫﻤﻴﺔ ﻭﺇﺴﺘﻬﻼﻙ ﻫﺫﻩ ﺍﻟﻤﻭﺍ
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Chapter One 
Introduction 
    Africa is composed of 53 countries and has a population of 744    
millions. Population grows at 3.0% and food production at 2.0% Thus 
population growth outstrips food production, and food problems remain a 
priority issue in the 21ST. century. The challenge of the future is to 
improve food security where a majority of the people suffer from food 
shortage, hunger and malnutrition.                                                        
      Disasters such as drought, desertification, diseases or pest infestation, 
result in food shortage and food price increase. Often, these acute food 
shortages have led to widespread malnutrition and famine, with death and 
starvation in some areas. The poorest sections of the population suffer the 
most because of lack of adequate resources. Poverty and ignorance are 
also important determinants of malnutrition.                                            
Africa has been subjected to 28 different disasters, some are natural 
and some are man – made. The most important disasters are drought, 
desertification, locust infestation, conflicts, and epidemics. There are a 
number of nutritious food resources both cultivated and gathered in the 
different ecological zones of Africa, whose production and consumption 
can be increased to ensure adequate food security and a nutritious diet, 
especially during disasters.                                                                    
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 According to the world Food Summit that was held in Rome, Italy, 
during 13-17 November 1996, there are about 800 million persons in the 
world, mostly from developing countries, who are malnourished. The 
Summit stressed the reduction of undernourished people to half their 
present level no longer than 2015.                                                           
Definition of non-conventional food resources:                  
  Non- conventional food resources are not easy to define in precise 
terms. Terms such as "local foods", indigenous foods", "famine foods" 
"unconventional foods", "wild food resources", "minor foods" non-
traditional foods" etc, are often used almost interchangeably. Some of 
these food resources, particularly these from plants, may be traditionally 
known and consumed but underexploited in one country, but adequately 
exploited in another. The underlying common concept is generally that of 
under exploited local foods which are under used or the use of which is 
declining to various reasons. Our choice of, and our preference of 
specific foods is guided by many factors including, economical, social, 
nutritional, individual likes and dislikes and by incidence of disaster.    
Classification of non-conventional food resources: 
   Non-Conventional Food Resources are, therefore, classified here 
in four groups according to their source of origin.                              
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1- Plant source: - The plants could be cereals, legumes, pulses, fruits and 
vegetables. The parts that are used include leaves, roots, seeds, and 
fruit. 
2- Insect’s source: - insect such as termites, caterpillars, locust, etc.           
3- Wild life source: - e.g. bush meat from mammals, birds, reptiles and 
rodents (e.g. mice, rats, etc)                                                                
4- Fishery source: - e.g. small pelagic fish, trigger fish which are fully un 
utilized for human consumption.                                                          
Purpose and scope of the thesis:                                             
  The purpose of this thesis is to make a general account of the 
present situation of non-conventional food resources in Sudan, to present 
available knowledge and experience, to indicate future research and 
development needs, and to investigate the quality of some of the non-
conventional food resources in some parts of Sudan.                                 
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Chapter Two 
Literature review 
At present, the literature on African food resources lies somewhere 
between thin and non-existent. Handful of publications touch on the topic 
especially the food plants aspect; these are usually old, low- print run 
volumes that are essentially unavailable outside scientific libraries. 
Moreover, even these few are either of a highly botanical or horticultural 
out-look. Nowhere is there a book that analyzes the whole wealth of 
African native food resources or that highlights the most promising 
species. It is noteworthy that books dealing with African agriculture 
stress the introduced crops.  
According to Nur (1999) per capita food production in Africa 
dropped by 20% over the past 20 years despite all efforts to improve it. 
Most of African countries have been relying on food imports and food 
aid. The basic causes of poor performance of the food and agriculture 
sector in Africa are external, internal and natural. These include drought, 
inadequate financial resources, non-availability of agricultural inputs, 
lack of adaptable technology etc. Africa has been hit by 28 disasters; the 
most important ones are drought, desertification, locust infestation, 
conflicts and epidemics. Although Africa is rich in native food resources, 
the most frequently discussed problem at many levels, has been the food 
crises in Africa. Hundreds of indigenous food plants are lying 
unappreciated in scattered parts of Africa, e.g. African Yam bean (root 
crop), Hausa Potato (Tuber), Hungry Rice (cereal) etc. 
Nur (1999) indicated that the non-conventional food provides the 
body with nutrients, which in turn supply the body with energy and 
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regulate the different processes in the body. He further indicated that such 
food could include plants, insects, animals, fisheries and apiculture. 
In Sudan, a group of inhabitants and nomads survived during the 
famine of 1983/1984 by utilizing other food materials available locally. 
Such foods named famine foods are indigenous foods derived from local 
plants that grow wild in the area. Their availability is dependent on the 
climate and natural vegetation in each area (Salih 1991). 
During his field investigation in the Western Regions of the Sudan-
Kordfan and Dsarfur,  Salih (1991) reported that 12 species of famine 
food were found to grow in north kordfan, 28 in south kordfan, 10 in 
northern Darfour and 15 in southern Darfur. Tables 2.1 to 2.4 reflect the 
results of his findings. 
During his investigations, Ahmed (1995) found that 12 species of 
famine food were indigenous foods derived from local plants that grow 
wild in the Eastern Region of Sudan. Tables 2.5 and 2.6 show the results 
of his findings.  
As can bee seen both Salih (1991) and Ahmed (1995) concentrated 
their research on the plants aspect only of famine food. 
While conducting his research in Sudan, Tothill(1948) reported 
that in the areas with rainfall over 20in. the people in times of famine eat 
a wide range of fruits, leaves, barks and roots. A little further north, one 
of the main famine foods is the seeds of the grass "koreb", 
Dactyloctanium oregyptium, and further north still the fine seed inside 
the fiercely barbed "Haskanit" is said to be superior in flavor to the best 
dura or dukhn; but collecting and handling it must be a painful business. 
He made mention of the edible roots of aquatic Ipomoea species, a 
species of Amaranthus as spinach, as does Tamaleika (Gynandropsis 
gynandra) and the wild Solannum species which are boiled as vegetables. 
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Table (2.1): Compositions of cereal grains used as famine food in W. Sudan compared with those of local staple grains 
(% on dry matter basis). 
 
Species 
(local name/English name) 
Ash 
(insol. ash) 
Crude 
Protein 
Oil 
Crude 
Fiber 
Starch  
Soluble carbohydrates 
Sugars 
 Other 
      Sucrose D-glucose D-fructose carbohydrates 
Cenchrus biflorus  11.3 21.3 3.2 2.5 51.4 0 1.0 1.4 7.9 
(haskaneet /Bur-grass) 7.7      61.7   
Dactyloctenium aeqyptium 8.3 13.1 1.9 4.4 46.9 1.2 0.2 1.4 22.6 
(Koreeb/Comb-fringe 
grass) 
3.5      72.3   
Echinochoa colonum  8.7 10.6 5.9 12.3 51.1 1.0 0.4 0.4 9.6 
(Difra /Jungle rice ) (6.8)      62.5   
Oryza punctata  4.4 13.9 4.0 2.9 70.0 1.0 0.2 0 3.6 
(Ruz el wadi/Wild rice)       74.8   
Pennisetum darfuricum  2.6 15.9 5.9 2.1 56.5 0.8 1.2 0.8 14.2 
(Dukhn/Bulrush millet) [      73.6   
Sorghum bicolor  1.8 12.2 3.4 3.2 68.2 0.6 0.6 0.4 9.6 
(Dura Kurgi/ Sorghum )       79.4   
Sorghum bicolor  2.1 13.4 3.9 4.5 53.2 1.8 0.8 0.8 19.5 
(Dura Kurgi/ Sorghum )       76.1   
Sorghum bicolor 1.8 11.0 3.4 2.4 60.8 1.0   19.3 
Typical values         0.34  
Rooney et al 1980          
Hulse et al 1980       81.0   
Source: Salih (1991). 
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Table (2.2): Comparison of fatty acid composition of seed oil of cereal grains used as famine food in W. Sudan with those of local staple grains 
(g(100g total fatty acids)1-1. 
   Saturated Monounsaturated Polyunsaturated 
Species           
 14:0 16:0 18:0 22:0 24:0 16:1 18:1 20:1 18:2 18:3 
C. biflorus  NDa 23.8 4.0 ND ND 3.0 30.2 ND 35.7 1.9 
D. aegyptium ND 21.5 5.2 0.6 ND 0.1 42.0 0.6 28.5 1.5 
E. colonum 0.1 16.9 3.1 0.3 0.2 0.1 27.4 0.4 50.5 1.0 
O. punctata  0.6 20.6 2.2 0.4 0.5 0.1 42.4 0.6 30.5 1.9 
P. darfuricum  0.1 18.0 4.3 0.2 0.2 0.3 31.2 0.2 43.0 2.6 
S. bicolor            
Var. kurgi  0.1 15.1 1.7 ND ND 0.4 38.0 0.4 42.5 1.8 
Var. karamaka 0.1 14.7 2.0 ND 0.2 0.4 41.7 0.3 39.0 1.6 
Mean of 5            
Us sorghum var           
(Neucere & Sumnell)           
1980 0.2 12.9 3.3 1.7 0.7 0.9 37.7 1.5 38.4 2.9 
a ND less than 0.1 g 100 g-1 total fatty acid. 
Source: Salih (1991). 
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Table (2.3): Comparison of fatty acid composition of seed oil of cereal grains used as famine food in W. Sudan with those of local 
staple grains (g(100g total fatty acids)1-1  (% on dry matter   basis). 
 
Species  
 S P Mg Ca Na K Zn Fe Mn Cu Al 
C. biflorus  0.20 0.18 0.07 0.07 0.01 0.17 52 71 22 5 124 
D. egyptium 0.18 0.39 0.22 1.07 0.02 0.30 69 121 425 7 172 
E. colonum 0.11 0.41 0.22 0.05 0.01 0.30 50 108 28 4 88 
O. punctata  0.14 0.55 0.27 0.04 0.01 0.37 39 168 49 7 562 
P. arfuricum  0.16 0.26 0.14 0.03 0.01 0.42 41 66 18 8 22 
S. bicolor             
Var. kurgi  0.11 0.34 0.17 0.03 0.01 0.44 30 47 15 3 25 
Var. karamaka 0.13 0.31 0.18 0.03 0.01 0.47 37 51 22 7 21 
US sorghum var. 0.12 0.31 0.15 0.03 0.01 0.28 30 70 26 10 18 
(kent 1983)            
  
Source: Salih (1991). 
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Table (2.4): Comparison of amino acid composition of proteins of cereal grains used as famine food in W. Sudan with those of local 
staple grains Amino acid concentration {g (16g N) –1}. 
Species  
 Asp Thr Ser Glu Pro Gly Ala Val Cys Met Ile Leu Tyr Phe His Lys Arg 
C. biflorus 7.3 3.2 3.9 25.3 7.8 1.9 11.1 5.5 1.7 2.2 4.8 15.5 3.2 5.2 1.9 1.1 3.1 
D. aegyptium 6.1 3.7 4.8 27.6 7.1 5.3 7.5 5.8 1.5 3.2 4.8 9.9 3.5 6.8 2.4 2.0 4.2 
E. colonum 5.2 3.5 4.7 25.3 8.2 2.6 10.3 5.8 0.8 1.6 4.6 10.8 4.3 6.9 2.1 2.1 4.1 
O. punctata 9.7 3.4 4.0 19.3 3.8 4.5 5.5 5.9 1.5 2.2 4.1 8.6 4.8 5.2 2.3 3.6 8.4 
P. darfuricum 10.2 4.5 4.5 25.6 10.2 3.6 9.4 6.9 2.0 2.6 5.0 12.5 3.8 6.0 2.5 3.5 4.8 
S. bicolor                  
Var. Kurgi 7.3 2.9 5.1 23.9 8.4 3.3 10.8 5.0 1.5 1.3 4.0 13.9 4.2 5.0 2.0 2.0 4.0 
Var. karamaka 9.2 3.4 4.7 23.9 7.1 3.7 9.0 5.5 1.4 1.8 3.9 12.6 4.0 4.8 2.1 3.4 5.1 
Weighted average                  
Of 522 lines 7.8 3.2 4.5 23.2 8.2 3.1 9.9 5.3 1.5 1.8 4.1 14.3 4.5 5.2 2.0 2.1 3.6 
FAO reference                  
Protein  4.0      5.0  3.5 4.0 7.0  6.0  5.5  
a Srinivasan et al 1972 
Source: Salih (1991). 
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Table (2.5): Chemical analysis of some plants consumed as famine food in the 
Eastern states (% dry matter basis). 
Local name Botanical name Ash Crude 
protein 
Crude 
fiber 
Fat Carbohy-
drates 
Nabag  
Ziziphus spina -christi 
5.5 5.6 6.3 0.7 81.9 
Lalob (Pulp) 
Palanites aegyptiaca   
2.6 4.8 3.1 0.4 89.1 
Lalob (Leaves) 
Palanites aegyptiaca   
13.5 13.8 22.5 0.6 49.6 
Dom  
Hephaene thebaica  
7.7 3.0 21.5 0.5 67.3 
Difra  
Echinochloa  colonum  
8.1 12.3 14.1 6.2 59.3 
Tamaleika  
Cynandropsis gynandra  
11.8 4.5 5.3 0.4 78.0 
Molkhiat Elkhalla 
Corchorus trilocularis  
12.1 8.3 9.8 0.3 69 
Molaita  
Lactuca taraxiflia  
14.6 2.2 22.5 5.2 55.5 
Kawal  
Cassia obtusifolia  
18.1 24.7 11.8 3.0 42.4 
Adar  
Sorghum Sudanese  
6.1 15.6 13.8 2.8 61.7 
Arak  
Salvadora  persica  
2.2 2.8 3.5 0.8 90.7 
Tandub  
Capparis decisua  
3.1 4.3 4.6 1.9 86.1 
(Carbohydrates were calculated by substraction) 
{100 – (Ash + C.P + C.F + fat) 
Source: Ahmed (1995). 
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Table (2.6): Comparison of chemical composition of difra and adar, 
consumed as cereals in famine periods, with local staple grain dura and 
dukhn (on dry mater basis). 
Local name 
Botanical name 
Ash C.P C.F Fat Ca Mg P Na K 
Difra  
E. colonum  
8.1 12.3 14.1 6.2 0.04 0.19 0.39 0.01 0.41 
Adar  
S. Sudanese  
6.1 15.6 13.5 2.8 0.02 0.15 0.31 0.01 0.40 
Dura (+) 
S. bicolor  
(*) 
1.521 
(*) 
13.3 
(*) 
2.14 
(*) 
3.9 
(*) 
0.03 
(*) 
0.18 
(*) 
0.31 
(*) 
0.01 
(*) 
0.47 
Dukhn (-) 
P. drafuricum  
2.6 15.9 2.1 5.9 0.03 0.14 0.26 0.01 0.42 
 
 
(*) Sorghum bicolor, Var, Safra, A/Gadir (1994). 
(+)  Sorghum bicolor, Var, Karmamaka, Salih (1991). 
(-) Pennisetun darfuricum, Dukhn, Salaih (1991). 
C.P = Crude Protein. 
C.F= Crude Fibre. 
Source: Ahmed (1995). 
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 A number of wild vegetables are known in Somalia, with the exact 
time not known when such use began. Most are noxious weeds associated 
with stable crops; some are common vegetables that traditionally have 
been gathered for food, recapitulated in Table (2.7) below.  
 
     Table (2.7): Some common edible wild vegetables in Somalia. 
Scientific name Family name Local name 
Amaranthus candatus Amaranthaceae Raasow 
Corchorn olitorius Tiliacea Dhareeriyow 
Convolvulus spp Concolverlacea Bukurey,Maroyle 
Launaea cornuta Compositae Kable 
Purtulaca oleracea Fortulacaceae Canyo 
Chinotrix spp Amaranthaceae Fiidey malabay 
Cissus rotundifolia vitaceae Carmo 
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These plants are gathered for family consumption, as well as for 
the market. They are used as relishes to accompany cereal staple diets. 
The Ogle and Grivetti study in Swaziland (1985) showed that the 
consumption frequency of wild vegetables as the principle 
accompaniment to maize porridge compared favorably with cultivated 
vegetables. 
Talinum triangulare or water leaf is a spinach found mostly in the 
coastal regions of West Africa. It is eaten raw in a salad or boiled and 
served for the preparation of sauces; it grows very quickly and spreads 
easily. 
In the central Oshana area of Namibia, fresh wild spinach is eaten 
raw or stored as omavanda cabbage for later use. The flowers of some 
aloe species are cooked and eaten by Kwanyama people of Namibia, a 
practice also common in Zaire. The flowers of some species are cooked 
with other edible leaves are eaten as a relish (Ndiwo) 
In Botswana, the wild species of morotse (Citrullus lanatus), a kind 
of melon, is eaten by the Basarwa, livestock and wildlife. It occurs in 
sufficient quantities and is, therefore, harvested without detrimental 
ecological effects. 
Among those vegetables commonly eaten in Central Africa, 
Gnetum africanum, aliana found in the central African forest known as 
koko, is the most-often used in diets of all socio-economic classes 
throughout the sub-region. Leaves are finely pounded in sauces but are 
also eaten raw. They constitute a valuable source of protein, macro and 
micro nutrients. Added to meat, fish or dried caterpillars, these leaves 
provide a most nutritious dish. 
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In Botswana and Namibia, Marama bean is an impotant ingredient 
in the diet of remote settlements and of nomadic hunters-
gatherers,commonly produces a tuber above ground and has seeds that 
contain more protein than the groundnut and more than twice the oil in 
soybeans; transportation from remote areas to the market is limited due to 
poor roads, and is the main factor hindering its commercialization. 
The ye-eb or Gud (Cerdeauxia edules) is a small evergreen legume 
shrub which produces a nutritious nut and is native to the arid semi-desert 
border region between Somalia and Ethiopia. It is a hardy shrub that 
survives in times of drought and provides food for nomads.Its food value 
enables destitute Somalis to survive. The seeds contain an unusually high 
nutritious, mixture of major nutrients, proteins, carbohydrates and fats, 
and the protein are rich in lysine. In Somalia, gud nuts are eaten raw, 
green, roasted or cooked, and the pastoralists preserve the ghee for their 
future consumption. 
The Mongongo nut (Ricinodendron nautancini) is an edible 
indigenous fruit-bearing tree common in north-eastern Namibia /southern 
Angola and Zambia. The tree is a multi-purpose resource. It provides 
food, fuel and medicine to hunters / gatherers and smallholders in 
marginal areas. As a matter of fact, the kernels provide an important 
year–round source of proteins to rural people. 
Insects have played an important part in the history of human 
nutrition in Africa, Asia, and Latin America ( Bodenheimer, 1951).They 
were an equally important resource for the Indians of western north 
America, who, like other indigenous groups, expended much organization 
and effort in harvesting them (Sutton, 1988). Hundreds of species have 
been used as human food. Some of the more important groups include 
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grass-hoppers, caterpillars, beetles, grubs and (sometimes) adults, winged 
termites, bee, wasp and ant brood. Among the numerous examples that 
could be cited is the  pedi of south Africa (Quin,1959). Quin reported that 
when Mopanie  caterpillars ( Gonimbrasia belina) were in season , the 
sale of beef was seriously affected. The Yansi people of central Zaire 
regard the importance of their caterpillars by some of their sayings, e.g. 
caterpillars and meat play the same role in the human body; as food, 
caterpillars are regular in the village but meat is a stranger (Muyay 1981). 
      In Tlaxcoapan, Mexico, ants are sold in urban restaurants, where 2 
tacos with 50 grams of ants cost 300 Pesos. They are served fried or with 
black butter, but the best way is fried with onions and garlic. With 
reference mumpa caterpillars which feed on Julbernardia paniculata and 
several other common trees in the Miombo woodland of Zambia, Holden 
(1986) stated :" One person can pick about 20 liters per day, if the bush is 
rich in caterpillars, the value of which was k20. Thus 7 days picking 
should give k140, if all are sold, and this is a month’s salary for a general 
worker in Zambia". 
 In the dried form which is most frequently found in village markets 
of the developing world, insects are very high in crude proteins, many 
species ranging above 60%. In Angola, the levels of intake of the 
Mormon cricket (Anabrus simplex), was equivalent to soya protein. Other 
investigators have obtained similar results with a variety of insects in 
feeding trials with poultry. On the other hand, whole insects as a source 
of protein are of somewhat lower quality than vertebrate animal products 
because of the indigestibilty of chitin (Pheleps, Struthers and Moyo, 
1975). Recent analysis of 94 of the insect species consumed in Mexico, 
also yielded high fat and caloric values ( RAMOS- Elurduy and Pino 
1990). 
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Winged adults of the termite, Macrotermes subhyalinus, are high in 
magnesium and copper, and the palm weevil larva, Rhynchophorus 
phoenicis, in zinc, thiamin and riboflavin. Removal of chitin increases the 
quality of insect protein to a level comparable to that of products from 
vertebrate animals. Following alkali extraction, the true digestibility of 
protein concentrate obtained from whole dried adult honey bees (Apis 
mellifera) was increased from 71.5% to 94.3%, the protein efficiency 
ratio (PER) from 1.50 to 2.47, and the net protein utilization (NPU) from 
42.5 to 62.0. This compares with values of 96.8%, 2.50 and 70.0 
respectively for Casein (Ozimek et.al., 1985). In general, insect protein 
tends to be low in the amino acids, methionine / cysteine; but it is high in 
lysine and kcal. Cholesterol levels in insects vary from low (E.g. none in 
the edible leaf-cutter ant, Atta cepaalotes) to approximately the levels 
found in other animals depending on species and diet (Ritter, 1990). 
Insect fatty acids are in each case, 100g of these insects provided more 
than the minimum daily requirement. In Zaire, Kodondi, Leclercq and 
Gaudin- Harding (1987) analyzed three species of satumiid caterpillars 
prepared by the traditional techniques of smoking and drying, and found 
them to be high in riboflavin and niacin. But low in thiamin and 
pyridoxine. Feeding trials confirmed that, except for thiamin and 
pyridoxine, the vitamins supplied by the caterpillars are threonine, one or 
both of which may be deficient in the wheat, rice, cassava and maize-
based diets that are prevalent in the developing world. 
Malnutrition in developing countries is as much, or more, a 
problem of calorie deficiency as of protein deficiency. Insects vary 
widely in fat (and, thus energy) content. Isoptera (termites) and 
Lepidoptera (caterpillars) rank among the highest in fat. For example, 
Phelps et al., (1975). Reported sufficient to allow proper growth of young 
rats, the caterpillars studied by Malaisse and Parent (1980), also in Zaire,  
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proved an excellent source of iron; of 21 species tested, 100g of insects 
provided (average value) 335% of the minimum daily requirements. 
     Sphenarium grasshoppers are high in niacin while axayacatl is a rich 
source of iron. The high content of iron and zinc in many edible insects    
is of particular interest. Iron deficiency is a major problem in women's 
diets in the developing world, particularly among pregnant women, and 
especially in Africa (Ocr, 1986). Vegetarians everywhere are at risk of 
zinc deficiency. 
 Chitin comprises 10% of whole dried insects. It is a carbohydrate 
polymer found in invertebrate to exoskeletons, protozoa, fungi and algae, 
and is being called the polymer of the future because of its abundance, 
toughness and biodegradability (Goodman, 1989). Numerous applications 
of chitin and its derivatives (especially chitosan) are being found in 
medicine, agriculture and industry. In fact, chitin from shells of lobsters, 
crabs and cray fish has been approved by the Japanese for use in cereals 
as a source of fibre and calcium. The question has been raised, whether 
increased promotion and harvest of palm weevil (Rhynchophorus) and 
Rhioceros beetle (Oryctes) larvae as food might serve as a form of 
biological control of these pests. Such a practice might result in the 
reduction of pesticides, as well populations are often those that are 
dependably most abundant. Thus, many of the species used as food are 
important crop pests. The food conversion efficiency of the crickets was 
estimated to be more than five times that of beef animals (Nakagaki and 
Defoliart, 1991). When the high fecundity of the cricket is considered 
1500 offspring’s per female cricket compared with four standing animals 
in the beef herd for each animal marketed), the true food conversion 
efficiency is closer to 15-20 times greater for the cricket than for beef. 
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Some insects secrete toxins, produce toxic metabolites or sequester 
toxic chemicals from food plants (Blum, 1978; Wirtz, 1984). Defensive 
secretions that may be reactive, irritating or toxic include carboxylic 
acids, alcohols, aldehydes, alkaloids, ketones, esters, lactones, phenols, 
1.4 – quinines, hydrocarbons and steroids, among others (De foliart, 
1989). 
                 Several Processed insects are commercially available in Japan 
(Mitsuhashi, 1984, Kantha, 1988). The most widely eaten is Inago (The 
grasshopper, Oxya velox), which is preserved by boiling in soy sauce. 
 In Canada, attempts are under way to apply industrial methods to 
the production of insects as food (Kok, Shivhare and Lomaliza, 1991). 
The French book, Delicieux Insects, by Comby (1990), is selling so well 
that it is being translated into German and Italian editions. 
 Commercially grown insects available to fanciers (from bait and 
pet food stores) In USA and Europe include the cricket, to incorporate the 
subject into their courses, as well as for news –papers, magazines, radio 
and television. 
 With this increasing attention on the part of educators and the mass 
media, there is good reason to expect that the current momentum in 
public education on the subject of insects as human food will continue. 
 19
Chapter Three 
Materials and Methods 
 
3.1 Materials: 
 The materials consisted of plants, animals, fish, insects and birds. 
The famine foods investigated in this study belonged to different groups; 
the pants belonged to different botanical families. Some of the stable 
foods that are produced and used in Central Sudan were used as 
parameters or as a control to compare the chemical composition of the 
famine foods with the staple foods, e.g. In the case of cereals: dura and 
dukhn seeds, in the case of farm animals: cow and sheep meat, and in the 
case of fish: Nile perch and shield head cat fish.  
3.1.1 Plants: 
The raw material used included grains of Sorghum varieties. 
feterita (Sorghum bicolor) and dukhn (Pennisetum glaucum). They were 
purchased from Omdurman local market. The seeds of haskanit 
(Cenchrus Biflorus) were collected from the Blue Nile State (Singa city). 
The seeds of   caltropes    (Tribulus   terrestris), big   weed (Amaranthus 
viridis), and leaves of Purslane (Portulaca oleraceae), and purple nuts 
grass (Cuperus alopecuroides) were collected from the farm of the 
faculty of agriculture, University of Khartoum (Shambat). They are 
shown in Table (3.1). 
3.1.2 Animals: (Farm animals)  
 The material of animals used (meat) included cow (Bos indicus), 
sheep (Ovis aries) and Rabbit (Oryctolagus cuniculus).They were 
purchased from the local market of Khartoum North. The monkeys 
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(Macaca fascicularis) were caught from the Blue Nile State (Singa city). 
The norway rats (Tatera robusta) and Sudan lizards (Gerrhosaurus 
major) were caught from the western part of Omdurman. The frogs 
(Pyxicephalu adspersus) were found in the farm of the faculty of 
agriculture, Khartoum University, Shambat. As shown in Table (3.2). 
3.1.3 Fish:  
 The raw materials of fish used included Eel catfish (Clariasg 
ariepinus), puffer fish (Tetraodo lineatus), Nile perch (Lates niloticus) 
and shield head catfish (Synodontis schall). They were purchased from 
Almorda local fish market, Omdurman, as shown in Table (3.3). 
3.1.4 Insects: 
The material of insects used included grasshopper (Tehigonia 
virdisima), desert locust (Schistocerca gregaria) and caterbillars  (Earias 
insulana).They were collected from the farm of  the faculty of 
Agriculture, University of Khartoum (Shambat). And termites 
(Macrotermes bellicosus) were collected from Northern State (Goshaby 
village) as shown in Table (3.4). 
3.1.5 Birds:  
The birds used included red billed (Quelea quelea) and morning 
dove (Streptopelia turtle) they were hunted in the Blue Nile State 
(Aldamazine city).The bats (Nyctimene certans) were caught from Soba 
area, South of Khartoum, as shown in Table (3.5). 
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  Table (3.1): Information on materials used (Plants). 
 
   
Source No 
  
Local name 
  
English name 
  
Scientific name 
  
Family name 
  
T1 
  
Lysan Eltair 
  
Big  weed  
  
Amaranthus viridis 
  
Amaracea 
  
T2  
  
Haskaneit 
  
Haskaneit 
  
Cenchrus biflorus 
  
Poaceae 
  
T3 
  
Rejlt Alkhala 
  
Purslane 
  
Portulace oleraceae 
  
Portulacaceae 
  
T4 
  
Drisa 
  
Caltropes 
  
Tribulus terrestris 
  
Zygophyuaceae 
  
T5 
  
Cyperus 
  
Purple nuts grass   
  
Cuperus  alopecuroides 
  
Cyperaceae 
  
T6 
  
Dukhn 
  
Dukhn 
  
Pennisetum glaucum 
  
Poaceae 
  
T7 
  
Dura 
  
Sorghum  
  
Sorghum bicolor 
  
Poaceae 
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       Table (3.5): Information on materials used (Animals). 
 
 
 
  
  
 
Source No 
  
 
Local name 
  
 
English name 
  
 
Scientific name 
  
 
Family name 
 
 
T8 
 
 
Dafdua 
 
 
Frog 
 
 
Pyxicephalus adspersus 
 
 
Ranidae 
 
 
T9 
 
 
 
Far 
 
 
 
Norway  rat 
 
 
Tatera robusta 
 
 
Nmuridae 
 
 
T10 
 
 
Grid 
 
 
Monkey 
 
 
Macaca fascicularis 
 
 
Cercopithecidae 
 
 
T11 
 
Arnab 
 
Rabbit 
 
Oryctolagus cuniculus 
 
Leporidae 
 
 
T12 
 
 
Waral 
 
 
Sudan  lizard 
 
 
Gerrhosaurus majo 
 
 
Gerrhosauridae 
 
 
T13 
 
 
Bugar 
 
 
Caw 
 
 
Bos  indicus 
222 
 
 
 
Bovidae 
 
 
 
 
 
 
 
 
 
[ 
T14 
 
 
Kharoof 
 
 
Sheep 
 
 
Ovies aries 
Bovidae 
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Table (3.3): Information on materials used (Fish). 
 
  
 
Source No 
  
 
Local name 
  
 
English name 
  
 
Scientific name 
  
 
Family name 
 
 
T15 
 
Garmot 
 
 
Eel catfish 
 
 
 
Clariasg ariepinus 
 
 
Clariidea 
 
T16 
 
Tambera 
 
Puffer fish 
 
Tetraodo lineatus 
 
Tetraodontidae 
 
T17 
 
Igel 
 
Nile perch 
 
Lates niloticus 
 
Centropomidae 
 
T18 
 
Gargur 
 
Shield head catfish 
 
Synodontis schall 
 
Mocnokidae 
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Table (3.4): Information on materials used (Insects). 
 
  
Source No 
  
Local name 
  
English name 
  
Scientific name 
  
Family name 
 
T19 
 
Aatab 
 
Grasshopper 
 
Tehigonia virdisima 
 
Gryllacrididae 
 
T20 
 
Grad 
 
Desert locust 
 
Schistocerca gregaria 
 
Acrididae 
 
T21 
 
Dod albamia 
 
Caterpillars 
 
Earias insulana 
 
Noctuidae 
 
T22 
 
Ardha 
 
Termite 
 
Macrotermes  bellicosus 
 
Mastotermitidae 
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Table (3.5): Information on materials used (Birds). 
      
  
Source No 
  
Local name 
  
English name 
  
Scientific name 
  
Family name 
 
T23 
 
Khafash 
 
Bat 
 
Nyctimene certans 
 
Craseonycteridae 
 
T24 
 
Zarzor 
 
Red billed 
 
Quelea quelea  
 
Ploceidae 
 
T25 
 
Gomry 
 
Morning dove 
 
Streptopelia turtle 
 
Columbidae 
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3.2 Methods: 
3.2.1 Preparation of samples: 
All of the samples (plants, insects, animals, birds, and fish) were 
prepared by air drying and crushing by normal mortar. After crushing the 
sample was placed in small nylon bags, labeled and then set for 
laboratory analysis. The chemical composition of the non-conventional 
foods that were used in this study had been expressed as percentage           
(mg/ 100g) of the material on dry matter basis.  
3.2.2 Proximate analysis:  
This analysis was conducted in the department of animal production. It 
included the following:    
3.2.2.1 Crude protein: 
Crude protein was determined according to the method of AOAC 
(1984) using micro-kjeldahl nitrogen digestion and distillation method. 
0.2g of oven dried sample was weighed into a 100 ml kjeldahl flask. 0.4 g 
of catalyst mixture and 3.5 ml of concentrated sulphuric acid were added. 
The sample was heated in an electric heater for 2hrs. The sample was 
cooled, diluted, and was placed in the distillation apparatus; 20 ml of 40% 
NaOH were added, and distilled for 7min. The ammonia evolved was 
received in 10ml of 2% boric acid solution, contained in a conical flask 
attached to the receiving end. The trapped ammonia was titrated against 
0.02 HCL using universal indicator (methyl red + bromocresol green). 
Calculation: 
Nitrogen (%) = V. HCI ?N HCl ?14 ?100% (Equ. 1). 
 Wt. of samples ? 1000 
 
Protein % = nitrogen %×6.25  
 27
Where: 
V = Volume of HCl  
N = Normality of HCl  
Wt. = Weight. 
14 = Molecular weight of nitrogen 
6.25 = Protein conversion factor  
3.2.2.2 Available carbohydrates: 
The available carbohydrates were calculated by subtracting the 
sum of fat, protein, crude fibre and ash (as a percentage) from 100 as 
described by West et al., (1998). 
3.2.2.3 Fat content: 
Crude fat content was determined according to the standard 
analytical methods of the member companies Cron Refiners Association, 
Inc. (1995). 
Principle:  
The method determined the substances which were soluble in 
petroleum ether with a boiling point (B.P, 40 – 60 oC) and extracted 
under the specific condition of Soxhlet Extraction Method. The dried 
ether extract was weighed and reported as percentage of the dry matter as 
crude fat. 
Procedure: 
A sample of 2 grams was weighed into an extraction thimble (30? 
100 mm) and covered with cotton that was preciously extracted with 
petroleum ether. Then the sample was predried and weighed in a flask 
containing about 100 ml petroleum ether (No. 1622, BDH, England) was 
attached to the extraction unit (Electrothermal, England) and the 
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temperature was adjusted to produce about 150 to 200 drops of the 
condensed solvent per minute for 8 hours. At the end of the distillation 
period, the flask was disconnected from the unit and the solvent was 
redistilled. The flask with the remaining crude ether extract was put in an 
oven at 105 oC for 3 hours, cooled to room temperature in a desiccator, 
reweighed and the dried extract was registered as crude fat (%DM) 
according to the following equation: 
Calculation: 
Crude fat (%) =   (A – B) ?100    (Equ.2) 
                          (2g) sample wt. 
Where: 
A  = Weight of extracted flask + oil.  
B  = Wight of extracted flask (empty). 
DM    = Dry matter. 
3.2.2.4 Crude fibre: 
Crude fibre was determined according to the AOAC (1990). 2g of 
fat-free samples were treated successively with boiling solutions of 
H2SO4, KOH 0.2 N and 0.23N, respectively. The residue was separated 
by titration, washed, dried, weighed and ashed at 500 oC. 
The loss in weight resulting from ashing corresponded to crude 
fibre of the sample. 
Crude fiber (%) =  (Wt1 – Wt2)?100                     (Equ3) 
   Wight of sample  
Where: 
Wt1 = The weight of oven dry sample after treatment with H2SO4 and  
           NaoH. 
Wt2 = The weight of the treated sample after ashing. 
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3.2.2.5 Moisture content: 
The moisture content was determined according to the standard 
method of Association of Official Analytical Chemists (AOAC) 1990. 
The moisture content in weighed sample was removed by heating 
the sample in an oven (under atmospheric pressure) at 105 oC + 1oC. The 
difference in weight before and after drying was then calculated as a 
percentage of the initial weight. 
Procedure:  
A sample of 2 grams was weighed into a pre-dried crucible and 
then placed into an oven set at 105 oC for 18 hours. After drying, the 
covered samples were transferred to a desiccator and cooled to room 
temperature before reweighing. Each sample was replicated twice. The 
results of the   mean value were recorded to two decimal points according 
to the following formula: 
Calculation: 
Moisture content (%) = A- B ?100           (Equ.4) 
                                     Sample wt.   
Where: 
A = Weight of crucible + sample (before drying). 
B = Weight of crucible + sample (after drying). 
The dry matter (DM) as percentage was calculated by subtracting 
the percentage of moisture content from 100. 
3.2.2.6 Ash content: 
To determine the ash content of the different samples, the Standard 
Analytical Methods of the Member Companies of Corn Refiners 
Association, Inc. (1995) was used. 
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Principle: 
The inorganic materials were customary determined as a residue 
after being heated at a specific heat degree. 
Procedure: 
A grounded sample of 2 g was weighed into a preheated, cooled 
weighed crucible. The sample was placed into a muffle furnace (Type 
MR 170E, Heraeus, Hanau) at 550-600 oC until a constant weight was 
obtained. The weight of the residue after ashing was defined as ash 
content and expressed as a percentage based on the dry matter content in 
the grounded sample. 
Calculation:  
Ash (%) = Weight after ashing – weight of crucible (empty) ?100            (Equ.5) 
                            Weight of the sample (2g) 
3.2.3 Minerals: 
3.2.3.1 Extraction: 
The trace elements were determined according to the method 
described by Pearsons (1981). 2 grams of a dry sample was weighed in a 
clean dry crucible. The crucible was placed in muffle furnace for 2 hours 
at 550 oC. The contents of the crucible were cooled and 10ml of 5 N HCl 
were added and placed in a hot sand bath for about 10-15 minutes. 
The contents were filtered with distilled water into a 50 ml 
volumetric flask and the filter paper was washed with distilled water and 
made to volume. 
Potassium and sodium were determined by Flame Photometer 
(Coring M 400 flame photometer series L No. 4803, UK). 
Then 10 ml of 5 N HCl were added to the ashed sample, it was 
then put in a sand bath for 10 minutes, and then filtered into a 50 ml 
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volumetric flask, the filter paper was washed with distilled water and 
made to volume.  
3.2.3.2 Potassium and sodium contents: 
The potassium (K) and sodium (Na) contents were determined 
according to AOAC (1984) using Corning 400 Flame Photometer. 
0.5 ml of the extract was taken and diluted in a 50 ml conical flask 
with distilled water. The standard solutions of KCI and NaCl were 
prepared by dissolving 2.54 g and 3.33 g of KCl and NaCl respectively, 
each in 1000 ml distilled water. 10 ml of the solution were taken and 
diluted with 1000 ml distilled water to give a 10 ppm concentration. The 
flame photometer was adjusted to zero degree using distilled water as a 
blank and to 100 degrees using standard solution. 
Calculation: 
Na+ mg/L = FR ?DF ?50 ?100                    (Equ.6) 
  1000 ?1000 ?2g       
Where: 
FR= Flame photometer reading 
DF = Dilution factor. 
3.2.3.3 Calcium and magnesium: 
Method: 
Ca+ and Mg+ were determined together according to AOAC 
method (1984). By taking 2 ml of the extract in a 50 ml conical flask. 20 
ml of distilled water, 10 drops of buffer (6.75 g ammonium chloride in 
57ml conc. ammonium diluted to 100 ml with distilled water and 3 – 4 
drops of eriochrome blank) {E.B.T} indicator (0.1 g eriochrome + 0.9 g 
hydroxylamine hydrochloride were dissolved in 20 ml of about 95% 
ethanol) then added to the extract giving purple color. The mixture was 
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titrated (0.1 N EDTA) until a blue color indicating the end point was 
reached. 
The Mg+ content was estimated by sub-extracting the Calcium 
from Ca+ Mg+ contents as follows: 
Calculation: 
Ca+ + Mg+ (%) = TR ?N (EDTA) ?D.F. ?M. wt. ?100            (Equ.7) 
    50 ?weight of sample   
Where:     
TR = Titration reading. 
N (EDTA) = Normality ethyl diamine tetra acetic acid. 
DF = Dilution factor. 
M wt. = estimated Molecular weight of element. 
3.2.3.4 Calcium: 
The Calcium Ca+ was determined according to AOAC method 
(1984) using titration method.  By taking 2 ml of extraction were intake 
50 ml conical flask and completed to 25 ml by distilled water, 15 drops 
miroxide indicator added with sodium hydroxide and titrated against 
EDTA. The color changed from pink to violet.      
Calculation: 
Ca (%) = TR ?N (EDTA) ?D.F. ?M. wt. ?100                   (Equ.8) 
                          50 ?weight of sample 
Where:     
TR = Titration reading. 
N(EDTA) = Normality ethyl diamine tetra acetic acid. 
DF = Dilution factor. 
M wt. = Molecular weight of element estimated. 
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3.2.3.5 Phosphorus determination: 
Analysis of phosphorus was carried out in line with the method of 
Chapman and Pratt (1961). 2 ml of the extract were pipeted into a 50 ml 
volumetric flask. 10 ml of ammonium molybdate-ammonium vanadate 
reagent{22.5g of (NH4)6 MO7O24 4H2O in 400ml distilled water + 1.25 g 
ammonium vanadate in 300 ml boiling water + 250 ml conc. HNO3 then 
diluted to 1 liter} were added. The content of the flask was mixed and 
diluted to volume. The density of the colour was read after 30 minutes at 
470 nnm using a colorimeter (Lab System Analysis – 9 filter, J. Mitra and 
Bros Pvt. Ltd). A standard curve of different KH2PO4 concentration was 
plotted to calculate the iron and phosphorus concentration:    
Reading curve ? ash dilution ?100                             (Equ.9) 
 106 ? oven dry weight of sample       
nnm = Nanometer 
No attempts were made to have feeding trials to cover the 
nutritional aspects of the non-conventional food resources used in this 
study. Also the digestibility of the materials used was not investigated. 
3.3 Statistical analysis of the data collected: 
 Statistical differences between materials were determined using 
statistical analysis system (SAS, 1985) and means were separated using 
least significant difference (LSD). 
 The design of the experiment was a completely randomized design, 
and numbers of replicates were two. 
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Chapter Four 
Results and Discussion 
 
70-80% of Africans live in rural areas and are directly dependent 
on land for their food and livelihood. The type of diet predominant in 
Africa depends mainly on the ecological zone. Cereal based diets are 
found in the Sahara and Sudanian zones of West Africa, in the Equatorial 
Savannah of East Africa, the Eastern Plateaus and the high Plateaus. 
Maize diet predominant in Eastern   and Central Plateaus stretching from 
Tanzania to Angola; Protein/ calorie balance is fairly satisfactory in the 
diet but some vitamins are lacking. Rice is predominantly eaten in 
Madagascar, Senegal, and Gambia .etc. Rice diet is imbalanced in the 
protein / calorie ratio and also deficient in protein, calcium and vitamins. 
Roots, tuber and plantain diets are typical in the Guinean zone and the 
Equatorial forest including Togo, Benin Ghana and Nigeria. Pulse diets 
are confined to the Great lakes countries e.g. Rwanda, Burundi, Congo, 
Uganda and Tanzania. They provide satisfactory protein / calorie balance 
but are deficient in some vitamins .In North Africa, the diet is varied and 
includes cereal, animal proteins and vegetables (Fig.4.1) and Table (4.1). 
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Fig. (4.1): Types of diets in Africa. 
 
1 = ceral-based, animal protein and vegetables  
2 = maize 
3 = rice 
4 = roots and plantain  
5 = pulse 
 
Source: Idris Nur (1992). 
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Table (4.1): Share of specified crops in total calories consumed in selected African 
countries as average percentage. 
 
 Name of Potato  
Total Plantains Cocoyam Yam Cassava Sweet Potato Country 
34.77 2.36 - - 29.82 2.59 - Angola 
35.06 0.26 0.32 12.4921.07 0.92 - Benin 
26.93 5.83 2.25 0.15 6.90 11.34 0.46 Burundi 
53.07 4.48 2.14 7.97 38.47 - 0.01 Central African 
47.63 4.38 - 0.72 41.69 0.74 0.10 Congo 
32.64 7.26 1.40 16.517.11 0.11 0.25 Cote dlvoir 
49.99 7.03 7.37 9.59 25.99 - 0.01 Ghana 
20.55 1.48 0.47 - 14.55 2.75 1.30 Madagascar 
42.81 0.48 - - 41.38 0.48 0.47 Mozambique 
29.28 1.77 1.56 15.0210.61 0.29 0.03 Nigeria 
49.87 13.10 0.56 0.14 13.39 19.22 3.46 Rwanda 
32.72 6.09 - 0.05 23.32 2.63 0.63 Tanzania 
49.62 16.15 - - 22.01 10.65 0.81 Uganda 
61.90 5.34 0.10 0.77 54.34 1.26 0.09 Zaire 
 
Source: Idris Nur (1992). 
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Africa's ability to feed itself has been strongly influenced by a 
number of factors: 
1- Those countries such as China and India with their populations 
numbering in the hundreds of millions, are food self- sufficient. That a 
county like Japan, with a huge population and a limited cultivable area is 
also food self- sufficient. These are facts that can only command 
admiration and deserve emulation; there is no doubt that these countries 
have been able to have sustainable food self-sufficiency, because of 
strong political will, political commitment national pride and hard work 
on the part of their people. 
2- Africa has been subjected to 28 different disasters, some are 
natural and some are man-made, Fig. (4.2). 
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Fig. (4.2): Areas of Africa at risk from natural disasters. 
 
Source: Idris Nur (1992). 
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             The impact of these disasters vary from one disaster to the other 
and from one area to the other, and mainly end up in death, injury, loss of 
property, loss of development, food shortage, starvation, malnutrition etc. 
3- Modernization in the continent during the last twenty years had 
set the stage for many people to accept the necessity of varying their 
eating habits. The refugee situations which resulted from political unrest, 
saw many people from several independent countries while at the same 
time introducing their own eating habits. On improved political 
conditions many of these former refugees have returned to their home 
lands taking with them the new eating habits. 
4- There are increasing costs and problems in producing 
traditional foods, whereas promotion of non-traditional and under-utilized 
foods do not require expensive inputs, and thus are within the reach of 
most rural people. These foods are gathered; trapped, hunted or fished 
they are often specific to a region, locality or culture and thus can vary 
within a county and with ethnic groups. 
5- There are currently new opportunities and a renewed need to re-
examine the potential role of non- conventional sources of food, not only 
in Sudan, but in the African region as a whole. In many parts of Africa, it 
is increasingly realized that many non-conventional foods could be more 
effectively utilized and could make a substantial contribution to improved 
nutrition, household food security and utilization during disasters in both 
urban and rural areas. 
         6- At least 2,000 indigenous plants are lying unappreciated in 
scattered parts of Africa. Most of these have fed Africans over tens of 
thousands of years, some are wild; many are domesticated, a few seem to 
have the promise to become major world crops. However, their modern 
potential has never been seriously assessed, and they are receiving little 
or no research development or promotion. Some are being abandoned.           
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A number of them are life- support plants that the poor rely on to keep 
themselves alive in times of drought or other hardships. Their loss could 
mean many deaths. These food plants can improve the people's nutrition 
and increase their incomes. They can help combat hunger, build a 
sustainable agriculture and preserve the world's genetic diversity.  
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        Table (4.2): Chemical composition of the 25 different food sources.       
 
  
Source No. 
  
Local name 
    
Scientific name 
  
Crude Protein 
 % 
  
Carbohydrate 
% 
  
Fat  
% 
  
Crude Fibre  
% 
  
Moisture 
% 
  
Dry matter 
% 
  
Ash 
% 
T1 Lysan Eltair Amaranthus viridis 25.90 47.50 2.20 7.90 94.20 5.80 16.50 
T2 Haskaneit Cenchrus biflorus 15.40 48.00 3.80 20.80 94.70 5.30 12.00 
T3 Rejlt Alkhala Protulace oleraceae 23.00 34.50 6.40 14.10 99.10 0.90 22.00 
T4 Drisa Tribulus terrestris 17.80 40.00 4.20 26.00 98.70 1.30 12.00 
T5 Cyperus Cuperus  alopecuroides 12.80 42.00 7.60 21.60 95.40 4.50 16.00 
T6 Dukhn Pennisetum  glaucum 14.60 73.20 3.20 7.40 95.50 4.50 1.60 
T7 Dura Sorghum bicolor 16.30 77.80 1.90 2.90 94.90 5.10 1.10 
T8 Dufdua Pyxicephalus adspersus 74.60 2.40 8.00 - 88.90 11.10 15.00 
T9 Far Tatera robusta 69.60 6.70 18.20 - 89.10 10.90 5.50 
T10 Grid Macaca fascicularis 89.00 0.60 5.60 - 89.00 11.00 4.80 
T11 Arnab Oryctolagus cuniculus 88.50 5.00 9.90 - 90.70 9.30 4.60 
T12 Waral Gerrhosaurus major 55.80 6.10 31.50 - 90.40 9.60 6.60 
T13 Bugar Bos  indicus 59.50 29.80 6.90 - 89.50 10.50 3.80 
T14 Kharoof Ovis  aries 58.50 20.40 17.50 - 86.70 13.30 3.60 
T15 Garmot Clariasg ariepinus 86.60 2.30 5.90 - 91.40 8.60 5.20 
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Source 
No. 
  
Local name 
  
Scientific name 
  
Crude Protein  
 % 
  
Carbohydrate 
% 
  
Fat   
% 
  
Crude Fibre  
% 
  
Moisture 
% 
  
Dry matter 
% 
  
Ash 
% 
T16 Tambera Tetraodo lineatus 88.80 1.00 5.20 - 90.70 9.30 5.00 
T17 Igel Lates niloticus 68.80 17.90 11.00 - 93.00 7.00 2.30 
T18 Gargur Synodontis schall 68.80  16.00 11.00 - 92.40 7.60 4.20 
T19 Atab Tehigonia virdisima 52.80  11.70 30.30 - 92.80 7.20 5.20 
T20 Grad Schistocerca gregaria 44.90 14.20 36.90 - 92.40 7.60 4.00 
T21 Dod albamia Earias insulana 72.70 15.80 10.70 - 90.50 9.50 0.80 
T22 Ardha Macrotermes  bellicosus 42.10 24.10 29.90 - 93.40 6.60 3.90 
T23 Khafash Nyctimene certans 51.00  33.30 8.20 - 94.70 5.30 7.50 
T24 Zarzor Quelea quelea 55.50 24.20 8.80 - 91.60 8.40 11.50 
T25 Gomry Streptopelia turtle 62.40 17.70 9.90 - 90.90 9.10 10.00 
 SE ± 
 
0.8 0.4  0.3 0.2 0.9   0.1 
 
3.5 
 CV 2.3 2.2 3.06 2.4 1.4 1.9 
 
6.6 
 lSD 2.47  1.09 0.74 0.80 2.95 0.29 
 
 
0.01 
 
From T1 to T7 types of plant   From T8 to T14 types of animal  From T15 to T18 types of fish 
From T19 to T22 types of insect  From T23 to T25 types of bird   
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4.1 Proximate analysis: 
4.1.1 Protein:  
4.1.1.1 Plants: 
Table (4.2) shows the protein percentage with respect to plants. 
There were highly significant differences (P ≤ 0.0001) among the plants 
tested. Big weed gave the highest value of protein (25.90%) followed by 
purslane (23.00%), the lowest protein value were given by dukhn 
(14.60%) and purple nuts grass (12.80%). There were no significant 
difference among caltropes (17.8%), dura (16.30) and haskaniet 
(15.40%). It could bee seen that the non-conventional food resources 
which were used in this study could substitute the standrad and cereal 
grains. Fig. (4.3). The result obtained in this study in the area of plants 
matches the one reported by Salih (1991).  
4.1.1.2 Animals: 
 There were a highly significant difference (P≤ 0.0001) among the 
animals included in study; the highest value of protein was scored by the 
monkey (89.00%) followed by rabbit (80.5%), frog (74.60%) and 
Norway rat (69.60 %.). The lowest level of protein was given by Sudan 
lizard (55.80%). The statistical analysis showed that there was significant 
difference between cow meat (59.50%) and sheep meat (58.50%) as 
shown in Table (4.2) and Fig. (4.4). 
4.1.1.3 Fish: 
           The statistical analysis showed significant difference (P≤ 0.0001) 
among the different kinds of fish tested. The highest value of protein was 
scored by puffer fish (88.80%) and Eel catfish (86.60%) as shown in 
Table (4.2) and Fig. (4.5). 
Usually fishermen have no choice in selecting fish; and their nets 
catch different types of fish at the same time. Some of this fish is 
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unwanted e.g. Puffer fish, Eel catfish. Nile perch and Shield head catfish 
are the types of fish that are in demand. Table (4.2) showed that the 
protein content of the unwanted fish was higher than that of the fish in 
demand.    
4.1.1.4 Insects: 
 The statistical analysis showed that caterpillars were highly 
significant with a mean of 72.70% with respect to protein content; it was 
followed by grasshopper (52.80) and desert locust (44.9%). The lowest 
protein value was with termite (42.10%). Table (4.2) and Fig. (4.6). This 
result matches the findings of Pheleps et al., (1975). 
4.1.1.5 Birds:  
 There was a highly significant difference (P≤ 0.0001) among the 
birds studied. The highest value of protein was given by morning dove 
(62.40%), followed by red billed (55.50%). The lowest value was scored 
by bat (51.00%) as shown in Table (4.2) and Fig. (4.7). 
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Fig. (4.3): Protein percentage in plants.  
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Fig. (4.4): Protein percentage in animals. 
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Fig. (4.5): Protein percentage in Fish. 
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Fig. (4.6): Protein percentage in insects. 
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Fig. (4.7): Protein  percentage in birds. 
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4.1.2 Carbohydrate: 
4.1.2.1 Plants: 
 Dura was highly significant (P≤ 0.0001) among the plants studied. 
It gave a mean percentage of carbohydrate of 77.80%, where as dukhn 
gave 73.10%, haskaniet (48.00%), big weed (47.50%), purple nuts grass 
(42.00%), caltropes (40.00%) and purslane (34.50%). There was also no 
significant difference between haskaniet and big weed, as shown in Table 
(4.2) and Fig. (4.8).    
4.1.2.2 Animals: 
 Cow meat was highly significant (P≤ 0.0001) among the animals 
studied. It gave 29.80% carbohydrates. It was followed by sheep 
(20.40%), Norway rat (6.70%), Sudan lizard (6.10%), rabbit (5.00%), 
frog (2.40%) and monkey (0.60%).Table (4.2) and Fig. (4.9) reflect this 
result. 
4.1.2.3 Fish: 
 Nile perch was highly significant (P≤ 0.0001) among the types of 
fish tested with respect to carbohydrates. It yielded a mean percentage of 
18.20% and was followed by shield head catfish (16.20%), Eel catfish 
(2.30%) and puffer fish (1.00%), as indicated in Table (4.2) and Fig. 
(4.10). 
4.1.2.4 Insects: 
 The termite was highly significant (P≤ 0.0001). It had a mean 
percentage of 24.10% carbohydrates, whereas caterpillars had (15.80%), 
desert locust (14.20%) and grasshopper (11.70%), as shown in Table 
(4.2) and Fig. (4.11). 
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4.1.2.5 Birds: 
 Bat was highly significant (P≤ 0.0001). It yielded a mean 
percentage of 33.30%of carbohydrates; it was followed by red billed 
(24.80%) and morning dove (17.70%) as shown in Table (4.2) and Fig. 
(4.12). 
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Fig. (4.8): Carbohydrate percentage in plants. 
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Fig. (4.9): Carbohydrate percentage in animals. 
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Fig. (4.10): Carbohydrate percentage in fish. 
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Fig. (4.11): Carbohydrate percentage in insects. 
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Fig. (4.12): Carbohydrate  percentage in birds. 
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4.1.3 Fat: 
4.1.3.1 Plants: 
 The statistical analysis showed that there were highly significant 
differences (P≤ 0.0001) among the plants studied with respect to fat 
percentage. Purple nuts grass scored the highest value (6.40%), followed 
by caltropes (4.20%). Haskaniet (3.80%), dukhn (3.20%), big weed 
(2.20%) and dura (1.90%). The analysis also showed that there was no 
significant difference between haskaniet and dukhn and between big 
weed and dura. Table (4.2).  
4.1.3.2 Animals: 
 Sudan lizard was highly significant (P≤ 0.0001) over other animals 
tested having an average mean of 31.50%. It was followed by Norway rat 
(18.20%), sheep (17.50%), rabbit (9.90%), frog (8.00%), cow (6.90%) 
and monkey (5.60%). 
 The statistical analysis showed that there was no significant 
difference between Norway rat and sheep. Table (4.2). 
4.1.3.3 Fish: 
 The statistical analysis showed that there was no significant 
difference between shield head catfish and Nile perch; also between Eel 
catfish and puffer fish. But the first group was higher than the second 
group, as shown in Table (4.2). 
4.1.3.4 Insects: 
 Statistical analysis showed that desert locust was highly significant 
(P≤0.0001). It had a mean percentage of 36.90% as compared to 
grasshopper (30.30%), termite (29.90%) and caterpillars (10.70%). There 
was no significant difference between grass hopper and termite, as shown 
in table (4.2). The variation in fat percentage in insects matches the 
findings of Pheleps et al., (1975). 
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4.1.3.5 Birds: 
 The statistical analysis showed that there were highly significant 
differences among the birds studied (P≤ 0.0001). Morning dove gave a 
highly significant difference with a percentage mean of 9.90%. The red 
billed had a mean of 8.80% and bat had 8.20%, as shown in Table (4.2). 
4.1.4 Fibre: 
 Laboratory analysis for fibre content was conducted for plants 
only. Caltropes was highly significant (P≤0.0001). It gave a mean 
percentage of 26.00% of fibre where as purple nuts grass had 21.60%, 
haskaniet 20.80%, purslane 14.10%, big weed 7.90%, dukhn 7.40% and 
dura 2.90%, as shown in Table (4.2) and Fig. (4.13). 
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Fig. (4.13): Fibre percentage in plants.  
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4.1.5 Dry matter: 
4.1.5.1 Plants: 
 Table (4.2) showed the performance of the plants tested with 
respect to dry matter. There were no statistical significant differences 
among haskaniet, big weed and dura. The mean percentages for these 
were 5.30%, 5.10% and 5.00% respectively. There was also no statistical 
significant difference between dukhn and purple nuts grass each having a 
mean percentage of 4.50%. But haskaniet, big weed and dura were highly 
significant (P≤ 0.0001) as compared to dukhn and purple nuts grass. 
 Haskaniet and caltropes was included in this study because of their 
seeds, whereas big weed, purslane and purple nuts grass because of their 
leaves; dura and dukhn were used as the control as they constitute the 
major cereals in Sudan. 
4.1.5.2 Animals: 
 Sheep meat was highly significant (P≤ 0.0001) over the other 
animals meat tested in this study. It had an average mean of 13.30%. 
Although there was no significant difference among frog, Norway rat and 
monkey, the cow gave a higher percentage than Sudan lizard and rabbit in 
this group, the dry matter ranged from 13.30% to 9.30%, as shown in 
Table (4.2). 
4.1.5.3 Fish: 
 Although puffer fish and Eel catfish are not popular fish, they gave 
a significant result over Nile perch and shield head catfish with respect to 
dry matter. The mean percentages ranged from 9.30% to 6.90%, as shown 
in Table (4.2). 
  Nile perch and shield head catfish are the most popular fish in 
Khartoum province. 
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4.1.5.4 Insects: 
 Caterpillars with a mean percentage of 9.50% were highly 
significant (P≤ 0.0001) as compared to desert locust (7.60%), grasshopper 
(7.30%) and termite (6.60%) as shown in Table (4.2). 
4.1.5.5 Birds: 
Morning dove with a mean percentage of 9.60% showed a highly 
significant difference (P≤0.0001) when compared with red billed (8.40%) 
and bat (5.30%); this result is shown in Table (4.2).  
4.1.6 Ash: 
4.1.6.1 Plants: 
Purslane was highly significant (P≤0.0001), resulting in an average 
percentage of 22.00%. It was followed by big weed (16.50%) and purple 
nuts grass (16.00%). 
There was no significant difference between caltropes (12.00%) 
and haskaniet (12.00%). 
The lowest value of ash was given by dukhn (1.60%) followed by 
dura (1.10%) as in Table (4.2) and Fig. (4.14) 
4.1.6.2 Animals: 
Frog was highly significant (P≤0.0001) with a mean percentage of 
18.00% of ash; it was followed by Sudan lizard (6.60%), Norway rat 
(5.50%) and monkey (4.80%). The lowest value of ash was given by 
rabbit (4.60%), cow (3.80%) and sheep (3.60%) as shown in Table (4.2) 
and Fig. (4.15) 
4.1.6.3 Fish: 
Eel catfish was highly significant (P≤0.0001) with a mean of 
5.20% of ash; it was followed by puffer fish (5.00%) and Eel catfish 
(4.20%), the lowest value was given by Nile perch (2.30%), as shown in 
Table (4.2) and Fig. (4.16). 
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4.1.6.4 Insects: 
Grasshopper was highly significant (P≤0.0001) in ash content, 
having a mean of 5.20% the lowest value was given by caterpillars 
(0.80%). There was no significant difference between desert locust 
(4.00%) and termite (3.90%), as shown in Table (4.2) and Fig. (4.17). 
4.1.6.5 Birds: 
Red billed was highly significant (P≤0.0001) in ash content. It had 
a mean of 11.50%, followed by morning dove (10.00%). The lowest 
value of 7.50% was recorded with bat, as shown in Table (4.2) and Fig. 
(4.18). 
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Fig. (4.14): Ash percentage in plants.  
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Fig. (4.15): Ash percentage in animals. 
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Fig. (4.16): Ash percentage in Fish. 
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Fig. (4.17): Ash percentage in insects. 
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Fig. (4.18): Ash percentage in birds. 
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Table (4. 3): Minerals content of the 25 different food sources.   
 
 
  
Sources No. 
  
Local name 
  
Scientific name 
  
Na 
% 
  
K 
% 
  
Ca 
% 
  
Mg 
% 
  
P 
% 
  
N 
% 
T1  Lysan Eltair Amaranthus viridis 0.05 0.05 1.80 1.60 0.30 4.10 
T2 Haskaneit Cenchrus  biflorus 0.50  0.10  0.50 0.10 0.30 2.50 
T3 Rejlt Alkhala Protulace  oleraceae 0.80  0.08 0.50 0.20 0.40 3.70 
T4 Drisa Tribulus terrestris 0.06  0.03 1.80 0.20 0.08 2.80 
T5 Cyperus Cuperus  alopecuroides 0.50  0.40  0.50 0.20 0.30 2.04 
T6 Dukhn Pennisetum americanum 0.06  0.08 0.30 0.10 0.30 2.30 
T7 Dura Sorghum bicolor 0.40  0.05 0.30 0.08 0.40 2.60 
T8 Dufdua Pyxicephalus adspersus 0.007  0.01  3.60 3.00 0.3.0 11.90 
T9 Far Tatera robusta 0.004  0.02  1.00 1.00 0.40 11.10 
T10 Grid Macaca  fascicularis 0.003  0.01 0.30 0.20 0.50 14.20 
T11 Arnab Oryctolagus cuniculus 0.002  0.01 0.70  0.30 0.40 12.90 
T12 Waral Gerrhosaurus major 0.003  0.02  1.10 0.10 0.40 8.90 
T13 Bugar Bos  indicus 0.003  0.01 0.30 0.30 0.30 9.50 
T14 Kharoof Ovis aries 0.003  0.02  0.30 0.10 0.30 9.36 
T15  Garmot Clariasg ariepinus 0.005  0.02  0.40 0.10 0.40 13.90 
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Sources No. 
  
Local name 
  
Scientific name 
  
Na 
% 
  
K 
% 
  
Ca 
% 
  
Mg 
% 
  
P 
% 
  
N 
% 
T16 Tambera Tetraodo lineatus 0.004  0.02  0.30 0.10 0.05 14.20 
T17 Igel Lates niloticus 0.002  0.009 0.40 0.10 0.20 11.00 
T18 Gargur Synodontis schall 0.003  0.009 0.40 0.10 0.30 11.00 
T19 Atab Tehigonia virdisima 0.06   0.01 0.40 0.20 0.30 8.40 
T20 Grad Schistocerca gregaria 0.07  0.02  0.30 0.30 0.40 7.20 
T21 Dod albamia Earias insulana 0.02  0.04 0.30  0.10 0.08 11.60 
T22 Ardha Macrotermes  bellicosus 0.030  0.03 0.60  1.80 0.30 6.70 
T23 Khafash Nyctimene certans 0.0004   
  
0.004  2.20  0.80 0.40 8.20 
 
T24 Zarzor Quelea quelea 0.004  0.01  2.20  1.00 0.50 8.80 
T25 Gomry Streptopelia turtle 0.0007  0.01  1.10  0.50 0.50 9.90 
 
SE ±  
 
0.03 
 
0.02 
 
0.1 
0 
0.04 
 
0.06 
 
0.5 
 
CV    
 
39.4 
 
67.6 
 
24.5 
 
13.3 
 
3.02 
 
2.9 
LSD 0.08 0.05 0.43 0.14  0.20 0.50 
  
From T1 to T7 types of plant  From T8 to T14 types of animal  From T15 to T18 types of fish. 
From T19 to T22 types of insect From T23 to T25 types of bird 
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4.2 Minerals: 
4.2.1 Sodium: 
4.2.1.1 Plants:   
The statistical analysis showed that the purslane was highly 
significant (P≤0.0001) with a mean percentage of 0.80%, over haskaniet 
(0.50%), purple nuts grass (0.50%), dura (0.40%), dukhn (0.06%), 
caltropes (0.06%) and big weed (0.05%). 
There was significant difference between haskaniet and purple nuts 
grass. There were also no significant differences among dura, dukhn, 
caltropes and big weed. 
4.2.1.2 Animals: 
There was no statistical significant difference among the animals 
included in this study with respect to sodium content as shown in table 
(4.3). 
4.2.1.3 Fish: 
There was no statistical significant difference among the fish type 
studied with reference to sodium content  (Table 4.3).  
4.2.1.4 Insects: 
The statistical analysis showed that desert locust was highly 
significant (P≤0.0001), having a mean of 0.07% with respect to sodium 
content; it was followed by grasshopper (0.06%), termite (0.03%) and 
caterpillars (0.02%). Table (4.3). 
4.2.1.5 Birds: 
  There were no significant differences among the three types of 
birds studied as shown in Table (4.3). 
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4.2.2 Potassium: 
4.2.2.1 Plants: 
 The statistical analysis showed that purple nuts grass was highly 
significant (P≤0.0001) over the other plants tested, it gave a mean 
percentage of 0.40%, whereas haskaniet yielded 0.10%, purslane 0.08%. 
dukhn 0.08%, big weed 0.05%, dura 0.05% and caltropes 0.03%, as 
shown in Table (4.3). 
4.2.2.2 Animals: 
  There was no statistical significant difference among the animals 
studied with respect to potassium content. 
4.2.2.3 Fish: 
 The statistical analysis showed that there were no significant 
differences among the four fish types studied, as shown in Table (4.3). 
4.2.2.4 Insects: 
 There were no statistical significant differences among the four 
types of insects studied as shown in Table (4.3). 
4.2.2.5 Birds: 
 There were no statistical significant differences among the three 
types of birds studied in relation to potassium content, as reflected in 
Table (4.3). 
4.2.3 Calcium: 
4.2.3.1 Plants: 
The statistical analysis showed that there were no significant 
differences among the seven types of plants studied with respect to 
calcium content as shown in Table (4.3). 
 72
4.2.3.2 Animals: 
 Frog meat was highly significant (P≤0.0001) over the other 
animals meat studied as regards calcium content. It yielded 3.60% as a 
mean percentage. It was followed by Sudan lizard (1.10%), Norway rat 
(1.00%), rabbit (0.70%), sheep (0.30%), monkey (0.30%) and cow 
(0.30%) as shown in Table (4.3). 
4.2.3.3 Fish: 
 There were no statistical significant differences among the four fish 
types studied with respect to calcium content as shown in Table (4.3). 
4.2.3.4 Insects: 
The statistical analysis showed that there were no significant 
differences among the insects that were investigated as shown in Table 
(4.3). 
4.2.3.5 Birds: 
 The statistical analysis showed that there were no significant 
differences among the birds studied as related to calcium content as 
shown in Table (4.3). 
4.2.4 Magnesium: 
4.2.4.1 Plants: 
Big weed was highly significant (P≤0.0001) with a mean 
percentage of 1.60% of magnesium. It was followed by caltropes 
(0.20%), purslane (0.20%) and purple nuts grass (0.20%). The lowest 
value recorded was with haskaniet (0.10%), dukhn (0.10%) and dura 
(0.08%) as reflected in Table (4.3). 
4.2.4.2 Animals: 
 Frog was highly significant (P≤0.0001) and had a mean percentage 
of 3.00% of magnesium; it was followed by Norway rat (1.00%), rabbit 
(0.30%), cow (0.30%), and monkey (0.20%). The lowest values were 
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given by sheep (0.10%) and Sudan lizard (0.10%) as reflected in Table 
(4.3). 
4.2.4.3 Fish: 
The statistical analysis showed that there were no significant 
differences among the four fish types tested with respect to magnesium 
content as shown in Table (4.3). 
4.2.4.4 Insects: 
Termite was highly significant (P≤0.0001) among the insects 
studied. It had a mean percentage of 1.80% of magnesium. The lowest 
value was scored by caterpillars (0.10%) as shown in Table (4.3). 
4.2.4.5 Birds: 
Red billed was highly significant (P≤0.0001). It had a mean of 
1.00% of magnesium. 
The lowest value was given by morning dove (0.50%) as reflected 
in Table (4.3). 
4.2.5 Phosphorus: 
4.2.5.1 Plants: 
The statistical analysis showed that there was no significant 
difference among the plants investigated, as shown in Table (4.3) and Fig. 
(4.19). 
4.2.5.2 Animals: 
Monkey was highly significant (P≤0.0001) having a mean of 0.5% 
of phosphorus, it was followed by rabbit 0.4%, Sudan lizard 0.4%, 
Norway rat 0.4%, sheep 0.3%, cow 0.3% , and frog 0.3% as shown in 
Table(4.3). and Fig. (4.20). 
4.2.5.3 Fish: 
Eel catfish was highly significant (P≤0.0001); it gave a mean of 
0.4% phosphorus. It was followed by shield head catfish (0.3%) and Nile 
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perch (0.2%), the lowest value recorded was with puffer fish as could be 
seen in Table (4.3) and Fig. (4.21). 
4.2.5.4 Insects: 
The statistical analysis showed that there were no significant 
differences among the insects tested with respect to phosphorus as shown 
in Table (4.3) and Fig. (4.22). 
4.2.5.5 Birds: 
There were no significant differences among the birds studied as 
related to phosphorus as shown in Table (4.3) and Fig. (4.23). 
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Fig. (4.19): Phosphours percentage in plants.  
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Fig. (4.20): Phosphorus percentage in animals. 
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Fig. (4.21): Phosphours percentage in Fish. 
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Fig. (4.22): Phosphours percentage in insects. 
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Fig. (4.23): Phosphours percentage in birds. 
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4.2.6 Nitrogen content: 
4.2.6.1Plants: 
Big weed and purslane were highly significant (P≤0.0001) among 
the plants studied. They had a mean of 4.1% and 3.7% respectively. They 
were followed by caltropes (2.8%) and dura (2.6%). 
 The lower value was given by haskaniet (2.5%), dukhn (2.3%) and 
purple nuts grass (2.0%) as shown in Table (4.3). 
4.2.6.2 Animals: 
Monkey was highly significant (P≤0.0001) among the animals 
studied with regard to nitrogen content. It had a mean of 14.2% , followed 
by rabbit (12.9%) frog (11.9%) and Norway rat (11.1%). 
There was no significant difference between the cow and sheep. 
Sudan lizard gave the lowest value (8.9%), as shown in Table (4.3). 
4.2.6.3 Fish: 
Puffer fish was highly significant (P≤0.0001) in nitrogen content; it 
had a mean of 14.2% followed by Eel catfish (13.9%). The lowest values 
were given by Nile perch (11.0%) and shield head catfish (11.0%), as 
shown in table (4.3). 
4.2.6.4 Insects: 
Caterpillars were highly significant (P≤0.0001) in nitrogen content 
with a mean of 11.6%. They were followed by grass hopper (8.40%). The 
lowest values were given by desert lowest (7.20%) and termite (6.70%), 
as shown in Table (4.3). 
4.2.6.5 Birds: 
Morning dove was highly significant (P≤0.0001) among the birds 
studied with respect to nitrogen content. It gave a mean of 9.90%. It was 
followed by red billed (8.80%). The lowest value recorded was with bat 
(8.20%), as shown in Table (4.3). 
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Table (4.4): Summary table for the conducted analysis.  
 
Sources 
Plants Animals Fish Insects Birds 
 
 
ITEM Highest 
value 
Lowest 
value 
Highest 
value 
Lowest 
 value 
Highest 
value 
Lowest  
value 
Highest 
 value 
Lowest 
value 
Highest  
value 
Lowest  
value 
Crude Protein 25.90 12.80 89.00 55.80 88.80 68.80 72.70 42.10 62.40 51.00 
Carbohydrate 77.8 34.50 29.80 0.60 17.90 1.00 24.10 11.70 33.30 17.70 
Fat 7.60 1.90 31.50 5.60 11.00 5.20 36.90 10.70 9.90 5.20 
Crude Fibre 26.04 2.90 - - - - - - - - 
Moisture 99.10 94.20 90.70 86.70 93.00 90.70 93.40 90.50 94.70 90.90 
Dry matter 5.30 0.86 13.30 9.30 9.30 6.90 9.50 6.60 9.10 5.30 
Ash 22.00 1.10 15.00 3.60 5.20 2.30 5.20 0.80 11.50 7.50 
Sodium 0.80 0.05 0.007 0.002 0.005 0.002 0.07 0.02 0.004 0.0004 
Potassium 0.40 0.03 0.02 0.01 0.02 0.009 0.04 0.01 0.01 0.004 
Calcium 1.80 0.30 3.60 0.30 0.40 0.30 0.60 0.30 2.20 1.10 
Magnesium 1.60 0.08 3.00 0.10 0.10 0.10 1.80 0.10 1.00 0.50 
 Phosphour 0.40 0.08 0.50 0.30 0.40 0.05 0.40 0.08 0.50 0.40 
Nitrogen 4.10 2.30 14.20 8.90 14.20 11.00 11.60 8.40 9.90 8.20 
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Chapter Five 
Conclusions and Recommendations 
 
 
Conclusions: 
 
1- The utilization of non-conventional food resources, in case of disasters 
and food shortage, is a new approach for ensuring food security at the 
household level in Sudan in particular and Africa in general. Some 
studies were conducted earlier on, on individual types of food 
resources especially plants. This is the first time to have a collective 
study including all types of food resources. 
2- While the nutritional value of the many of non-conventional foods is 
unknown, the existing study provides enough evidence to demonstrate 
their nutritional worth.  
3- Based on the findings of this study, further laboratory investigations 
could be made on the following aspects: 
- Feeding trials. 
- Digestibility. 
This will pave the way for having a complete picture on the 
utilization of non-conventional food resources during disasters. 
4- In general, some of the products from non-conventional foods are used 
for home consumption by some people, especially in rural areas. They 
are used as famine food. Although they are not often commercialized, 
some types are available in the local market and generate cash income 
for some people especially women, e.g. by selling Nabag (Ziziphus 
spina – Christi), Lalob (Palanites aegyptiaca) etc. 
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Recommendations: 
 
1- It essential that policy makers and potential developers recognize the 
value of non-conventional food resources and incorporate them in 
development policies and plans. 
2- The value of non-conventional food resources should be fully       
acknowledged and emphasized in educational materials, extension    
programmes, field of nutrition, public awareness, research... etc. 
3- It is important to take stoke of existing information and data on non-
conventional food resources. Traditional knowledge concerning these 
food resources should be studied and documented for awareness 
among the people, policy makers and planners. 
4- There is a need to organize the marketing system for these food 
resources which could be worth cash income for rural people. 
5- Appropriate technology should be developed for harvesting, 
processing and preserving which is essential for some of these 
products given their seasonality. 
6- Small scale production of non-conventional food resources should 
also be promoted.        
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Chapter Seven  
Appendices  
Plate (1)  Plate (2)  Plate (3) 
 
  
Dura  Caltropes  Big weed 
Plate (4)  Plate (5)  Plate (6) 
 
  
Dukhn   Purple nuts grass Purslane  
  Plate (7)   
    
  Haskaniet    
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           Plate (8) 
 
 
 
 
Plate (9) 
  
Plate (10) 
 
  
Rabbit Monkey Frog 
            Plate (11)  Plate (12)  Plate (13) 
 
  
           Sudan lizard Norway rat Sheep 
  Plate (14)   
    
  Cow   
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Plate (15)   
 
  
Eel catfish  
  Plate (16) 
  
 
   
Puffer fish 
Plate (17)   
 
  
 
Shield head catfish 
  
     Plate (18) 
  
 
   
Nile perch 
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Plate (19)  Plate (20) 
 
Termite  Desert locust  
Plate (21)  Plate (22) 
 
Grasshopper  Caterpillars  
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  Plate (23)             Plate (24) 
   
Morning dove    Red billed 
 Plate (25)  
 
 Bat 
 
 
 
  
 
